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MICROCHEMICAL METHOD AND APPARATUS FOR 
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Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

DECLARATION UNDER 37 C.F.R, $ 1,131 
Klavs F, Jensen declares as follows: 



1 . I am a professor of chemical engineering at the Massachusetts Institute of Technology in 
Cambridge Massachusetts. 

2. I am a co-inventor of the invention disclosed and claimed in the above identified patent 
application, In particular, the invention relates to microchemical systems for the 
synthesis and coating of colloidal nanopatticles. 

3. All of the events set forth in this declaration occurred in the United States of America. 

4. I am submitting this declaration to establish completion of the invention disclosed and 
claimed in the above identified patent application in this country prior to February 26, 
2003, the earliest priority date of published United States Patent Application No. U.S. 
2005/0129580 Al to Swfeehart, et al. 

5. Prior to February 26, 2003 my co-inventor and I conceived of the invention disclosed and 
claimed in the above identified patent application* Thereafter, and also prior to February 
26, 2003 we reduced the invention to practice. 

6. We filled out a Massachusetts Institute of Technology Technology Disclosure form and 
attached to it a description of the conception and actual reduction to practice of the 
invention, 

7. Exhibit A is a copy of the Technology Disclosure form and attached description entitled 
"Microchemical Systems for Synthesis and Coating of Colloidal Nanoparticles" 
submitted to the MIT Technology Licensing Office on a date prior to February 26, 2003. 
The original of the Technology Disclosure form includes dates of conception, reduction 
to practice, signature dates and a date forming part of a "received" stamp. All of these 
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dates arc prior to February 26, 2003 and have been redacted in Exhibit A. The original of 
the attached description also includes dates on each page as part of a "received" stamp. 
These dates are prior to February 26, 2003 and have also been removed* 

8. Exhibit A provides evidence of conception and actual reduction to practice. Note that ^ 
Fig. 2 in Exhibit A shows Ti0 2 particles obtained by means of the microreactor shown in 

. Fig.l. 

9. After submitting the Technology Disclosure form to the MIT Technology Licensing 
Office, the Technology Licensing Offioe, on a date prior to February 26, 2003 engaged 
attorney Bo Pasternack of the firm of Choate, Hall & Stewart to prepare and file a utility 
patent application. 

1 0. Exhibit Bis a letter from the MIT Technology Licensing Office to Mr. Pasternack 
initiating the patenting process. The original of the letter of Exhibit B Included a date 
prior to February 26, 2003 . 

1 1 . Thereafter, I reviewed the patent application and was informed that the patent application 
was filed on July 24, 2003. 

12. 1 further declare that all statements made of my own knowledge are true and that all 
statements made on information and belief are believed to be true. I also understand that 
willful false statements and the like are punishable by fine of imprisonment or both under 
18 U.3.C. 1001 and may jeopardize the validity of the application or any patent issuing 

'thereon. 



Date: January /J£> 2007 
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When completed submit via: 
Technology Licensing Office 

&oemNE25-230 
617453-6966 



Massachusetts Institute of Technology 
TECHNOLOGY DISCLOSURE 



Case No. (this space for TLD use only) 

\O05\ 



Instructions OP reverse 
i. TITLE OF INVENTION 



fteoCrtEMiCAu SYSTEMS Ffeft GyfsrTHEas Qo*nNfc oP cOLiDiCrtl N*K0frftT1CLES 



2"PLBAS£ ATTA™ nRSCRTPTlO N OF TECHNOLOGY h 

3. INVENTORS) POSITION 



STUDENT 



DEPARTMENT 

} CHEMICAL 



MXT, KOOM NO. A EXTN. 



4. Wa,thi> motion developed wit, *e - ^SJtf ° 



GOHTOAOT MO(5) . 
as: note that 



PRINCIPAL INVESTIGATOR 



Please note that secure and ^Hipiete Bpon ^ rshh) information is necessary to fulfill M IX g J 

5!lf no con*** or gr^t ™ *or* itoto usetfMIT. altered funds or JMto1 ^^ ■ ^ ' 



6. DATES Of CONCEPTION and PUBLIC DISCLOSURE 
(accurate data U essential as prior disclosure may affect the 
poaafoiLitY of obtaining patort riphigl 



DATE 



A. Date of conception of iavenJioa* Has this date been 
documented? If so. where? 



**CON>eN1ED I* LAB*£ATO^y NOTEBOOK* 



B. First publication containing sufficient description to enable 
& person skilled in this field to understand and to make or use the 
inventio n, (include theses, and the data su bmitted) 



C. First public oral disclosure of invention sufficient to enable 
a person skilled in this fieW to understand and to make or use the 
invention* • — 

D. If unpublished and undisclosed, provide the anticipated 
publication or oral disclosure date and any submissions mads for 

potential publication. - . ^ M „ , ^ . 

r» flB thi hiMmtitm kmh reduced to practice? YESJZ1 NO □ If ves, please rive date of first reduction to ipracuce 



REFERENCES/COMMENTS 
Please include names of periodicalajffnnials. 
(use separate sheet if ncca^ nrt 



VED 



si Please attach list of any commercial entities that may be interested in this invention f provide ta much detail as possible) 



9 : .'l hereby declare that all statements made herein of my own knowledge are true and that all statements made on inforrnatioTi and belief art believed 



to be true. 



I (We) hereby agree to assign all right, title and interest to this invention to MXT. and agree to execute all documents as requested, assigning 
to MXT onr rights in anypatent application filed on this Invention, and to cooperate with the MXT- Technology Licensing Office is the 
protection ottbli inventlon^XT. will share any royalty racomo derived from the invention with the tnventor(») according to ta standard 

P D L._ _ . _____ 



Inventor's Signature 



Date 



/W.7 ^SVI?. ICXsAGft ix/ 

— — >' c_.*_/ 



Home Address 



Social Security No, (required) 



Country of Citizenship 



Inventor's Signature 



Date 



Inventor's Signature* Date 



Home Address 



Social Security No. (required) 



Country of Citizenship 



Inventor's Signature 



Date 



Home Address 



Social Security No. (required) 



Country of Citizenship 



Home Address 



Social Security No. (required) 



Country of Citizenship 



Flense note that Social Security number and country of citizenship are required; absence of this information may hinder distribution of the inventors' 
share of any royalties that may result from thig technolpEy, If there are mgfE than fov£ inventors^ please attach add ;>; — 1 c ~ 



Technology disclosed to and understood by. "™^TvZJ7 
Signature of Non-Inventor Witness. /V <\ x ^L r <' 

Name and Title of Witness (please type or printX 




(1/15/2002) 
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Microchemlcal Systems for Synthesis^an^^aWg^CGnoidal 
Nanopartieles * * - - iVi -^ 



General purpose 

We have conceptualized, designed and demonstrated novel microftuidic chemical j 
systems for synthesis and coating of colloidal nanoparticles. These systems will be able 
to accomplish continuous synthesis of monodisperse particles and in situ coating of their 
surfaces with various functionalities, through novel reactant-contactmg schemes. { 

| 

Colloidal nanoparticles have innumerable applications in almost all fields of science, and i 
are ubiquitous in materials science, chemistry and biology. Industrial applications of ! 
colloidal spheres of silica and titan i a, for example, include adhesion and lubrication ! 
technology, pigments, catalysis, thin films for photovoltaic, electrochmmic, J 
photochromic, electroluminescent devices, sensors, foods, health-care, anti-reflective j 
coatings, chromatography, ceramics, optoelectronics, photonic band-gap (PBG) materials \ 
etc. Even more fascinating are the applications of these particles when their surfaces are 
modified or coated in some manner by other functionalities. Such 'nanocomposites* find 
numerous applications in fields ranging from opto-electronics and lasers to chug-delivery 
and biotechnology. 



Technical description 

Synthesis of colloidal particles of silica (SiO*) is accomplished in a microneactor depicted 
in Figure 1 . The microreactor fabricated in poly-dimethyl siloxane (PDMS) consists of a 
micromixing section followed by an ageing section where the particles grow to their final 
sizes. Sol-gel chemistry is employed, with the silicon precursor being Tetraethyl \ 
orthosilicate (TEOS). The results of Titania (TiO^) particle synthesis, and a comparison I 
with particles obtained via conventional methods clearly indicate the advantages of \ 
processing in microreactors for enhanced particle quality. 

We have also designed novel microftuidic devices whereby the colloidal particles 
synthesized in the manner described above are coated with other substances. The 
fabrication of these devices is currently under progress. The basic requirement for on- 
chip, in situ coating is the ability to transfer the colloidal particles from one stream to 
another, fOur devices accomplish this objective by means of the novel concept of j 
c electrophoretic switches'. Figure 3 illustrates this concept in more detail. The colloidal 
particles, as synthesized, are charged. The solvent stream containing the particles is 
contacted with another stream of pure solvent, between a pair of gold electrodes. By 
manipulating the potential applied to these electrodes, it is possible to transport the 
colloidal particles from the first stream to the pure solvent stream by the phenomenon of 
electrophoresis. The two streams are then separated at the exit of the device. The small 
dimensions of die microftuidic device ensure laminar flow, and thus very little mixing 
between streams. Fabrication of these devices is achieved through techniques developed 
in our laboratory. 
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A composite device consisting of two electrophoretic switches and an intermediate 
ageing length section is illustrated in Figure 4. In this device, the particles arc switched 
from the solvent stream to a stream containing the reactants for surface coating. The 
ageing section provides equilibration length, and the switch at the exit transfers the 
coated particles into a pure solvent stream. By controlling flow rates, and hence residence 
times in the ageing section it is possible to obtain coatings of desired thicknesses. 

Advantages over existing methods 

Our device s present a radical de parture fro m most ronventional macro^wJe_^b^h 
processing methods employed, to synthesize and coat,£AU_Qi4aI n^opa^olguJnie main g'uA a 
dtHerence is tharsynthesis and coating are in series and in situ. This (fl^Steslh e n eed for ^ tyfJ 
numerous c umbersome, and often expengive^nterm^i^ 

i nvolve mulujrie^asl^^ ia. 
addition, the tremendous degree of control over the physical timtsport^^enoinena 

ag5r5e*I^ 

and^suiface natiure' in our^devicesT "Ss "shown in the previous section, the quality of 
particles obtained , from our m ioreiga^OL^^ -^g^-obtoined -jFora^ 

conyCTtional, methods of s_ynthesjg A primarily due to the controlleH^iJuiHic environment 
inside the microchannels. By operating multiple devices in parallel, it is possible to 
rapidly obtain information on a wide array of synthesis and coating chj^strieSy thereby f 
also enabBnR a combinatorial materials screening platform. 

Commercial Applications 

As noted in the introduction, there is a huge list of applications where coated colloidal 
nanoparticles could be used. The availability of a platform that .could rapidly, easily 
synthesize and coat particles exactly to specifications would be of immense interest to a 
variety of industries. In the chemical industry* these coated colloids would be of interest 
due to their enhanced catalytic properties. In the materials industry, these would be of 
interest as building blocks for a wide array of interesting optical materials, including 
photonic-band gap materials and optical filters. Applications in the biotechnology and 
drug-delivery industry would include controlled coating and immobilization of biological 
macromolecules (proteins, enzymes etc) on the surfaces of colloidal particles, which 
could then act as controlled drug delivery vectors. 
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Ethanol+water 
(+catal 



Mkoxkte+ethanol 



Ageing length 



Dimensions 

Met channels: 50 fim 
Ageing channels; 400 \xm 
Channel depth; 50 ]lm 
Total ageing length: 90 cm 
Flow rates: S-20 |jJ/min 
Linear velocities: 4,2-16.8 mm/scc 



Laminar 
mixing 




Figure 1: Layout of microreactor for syndesis of coUoidal nanoparticles via sol-gel 
processing. 




vs 




Figure 2: Comparison of TiO a particles obtained via conventional methods 0eft) and 
microreactor (right). 
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Suspension In 
solvent 



Coating Reactant 




' ..." > V" 



Figure 3: Concept of Eleotrophoretic Switch 




EtOH 



Figure 4: Illustration of composite device 
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TECHNOLOGY LICENSING OFFICE 




MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
Five Cambridge Center, Kendall Square 
Room NE25-230 
Cambridge. MA 02142-1493 
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RECEIVED 

CENTRAL RAX CENTER 

JAN 2 6 2007 



TELEPHONE: (B17) 253-6386 
FACSIMILE: (617) 256-67 BO 
E-MA1L:tioemlt.edu 



Mr. Bo Pasternack 
Choate, Hall & Stewart 
Exchange Place, 34th floor 
53 State Street 
Boston, MA 02109-2804 

RE: M.LT. Case No. 10051 '-Microcbemical Systems for Synthesis and Coating of 
Colloidal Nanoparticles" 

Dear Bo: 

Enclosed is the invention disclosure for the above-referenced case. Please provide an 
estimate for filing a utility application. Also enclosed is a Task Initiation Form which 
should be completed and returned to my attention. 

If you have any questions or need any additional information, please contact Steve. 
Thanks so much. 




Maryann B. Kabarsky 
Assistant to Steve Brown 



Enc. 
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